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ABSTRACT 

We describe cosmic D-term strings as D3 branes wrapped on a resolved coni- 
fold. The matter content that gives rise to D-term strings is shown to describe the 
world-volume theory of a space-filling D3 brane transverse to the conifold which 
itself is a wrapped D5 brane. We show that, in this brane theory, the tension 
of the wrapped D3 branes matches that of the D-term strings. We argue that 
there is a new type of cosmic string which arises from fractional Dl branes on the 
world-volume of a fractional D3 brane. 
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1. Introduction 



Recently, a solution that corresponds to a cosmic string, called a D-term 
string[l] was obtained in a jV = 1 supergravity theory with a C/(l) gauge group 
and a charged complex scalar. It was shown that D-term strings exist only when 
there is an anomalous D-term in the scalar potential. This string solution is very 
similar to the usual Nielsen-Olesen vortex with a string tension proportional to 
the anomalous D-term. 

In this letter, we show that D-term strings can be understood as D3 branes 
wrapped over the of a resolved conifold. In order to show this, we consider IIB 
string theory with a D3 brane (which itself is a D5 brane wrapped over the same 
P^) at a conifold singularity of a compact Calabi-Yau manifold. The compact 
transverse space allows us to have gravity on the brane. The field theory on the 
brane world- volume is an A/" = 1 with a [/(I) gauge group and two complex scalars 
(one of which is irrelevant for our purposes). The superpotential of this theory 
vanishes at the tree level. The anomalous D-term on the world-volume theory 
corresponds to the resolution of the conifold singularity, i.e. the replacement of 
the singularity by a P^ of finite radius. A D3 brane wrapped on this P^^ will be a 
string on the 3 + 1 dimensional world-volume theory. 

We show that the tension of this string (which is proportional to the blow-up 
radius) matches that of D-term strings (which is proportional to the anomalous 
D-term). In addition, this string carries one unit of gauge flux just like a vortex. 
Therefore, we identify D-term strings with D3 branes wrapped on resolved conifold 
singularities as they are seen in the world-volume of D3 branes transverse to the 
conifold. This agrees nicely with the arguments in ref. [2] which state that cosmic 
F or D strings cannot be stable if there are M^-fiUing branes as in our case. Thus, 
wrapped D3 branes appear as a new type of stable cosmic string namely D-term 
strings in this theory. We argue that fractional Dl branes should also correspond 
to stable cosmic strings. They arise when the singularity is not resolved but there 
is a nonzero B-fiux through the vanishing cycle which leads to a nonzero string 
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tension. These cannot be D-term strings since in this case there is no anomalous 
D-term in the field theory. Thus, they must be a new type of cosmic string which 
we call fractional cosmic strings. They are not visible in the supergravity/field 
theory limit since their origin is a purely string theoretical. 

This letter is organized as follows. In the next section we briefly describe D- 
term strings. In section 3, we describe the wrapped D3 branes, calculate their 
tension and identify them with cosmic D-term strings. Section 4 includes a dis- 
cussion of our results and our conclusions. 



2. D— term Strings 



In ref. [1], a cosmic string solution was obtained in an A/" = 1 supergravity 
model in which the matter sector comprised of a U{1) gauge boson and a (neg- 
atively) charged complex scalar with vanishing superpotential. In addition, an 
anomalous D-term, ^, which is crucial for the existence of the string solution was 
included. The bosonic Lagrangian of this model is 

C ^ -MlR - d^<\>d^<\> - \F^,yF^^ - g\-\<\>\^ + if (1) 

The scalar potential above is the one that appears in models of D~term inflation[3- 
5] with some scalars set to zero. It was shown that there is a string solution which 
(far away from its core) at large r is given by 

WQ^-^dQ F^, = (2) 

We see that away from the string D = and supersymmetry is restored. As usual, 
the string creates a locally flat conical metric 



ds^ = -dt^ ^ dz^ ^ d? ^r^ [l - ^ \ dO^ (3) 
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Near the core of the string (at small r) the solution is given by 



Wo = ^(l- cosier)) Fr0 = Mpsmi^r) (4) 



V 7 'Mp 

In this limit half the supersymmetries are broken due to the nonvanishing curvature 
from the metric 



ds^ = -dt^ + dz^ + dr^ + ^sm(— r) d9^ (5) 

V 9i Mp V 

The tension of D-term strings is found to be 

Tst = 27rne (6) 

This is a very surprising result since the tension seems to be independent of the 
gauge coupling g. One would expect for a solitonic object T ~ l/s'^- We will see 
below that this puzzle is resolved by wrapped branes. 

3. D-term Strings as Wrapped D3 Branes 

The vortex-hke solution of ref.[l] was obtained in an effective low-energy su- 
pergravity /field theory. In this section we would like to identify the D-term string 
in IIB string theory. In general, in IIB string theory we can have a number of 

one-dimensional objects. These include the F and D strings and also Dp-branes 
wrapped on a p — 1 cycle of a compact manifold. We would in particular like to 
obtain a string theoretical description of D-term strings on the world-volume of 
a space-filling brane. This can be a D3 brane or a D(3+q)-brane wrapped on a 
dimensional internal cycle. 

We will first obtain the low-energy theory described by the Lagrangian in eq. 
(1). Consider IIB string theory with a D3 brane at a conifold singularity of a 
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transverse, compact Calabi-Yau threefold. The conifold is defined by 

zl + Z2+ zl + zl = (7) 

which can also be written as 

zl + z^ + zl^ -zj (8) 

In this form, the conifold is described as a fibration where the base is the plane 
(or the compactificd sphere) and the fiber is a Z2 ALE space with a size that varies 
linearly with \z4\. Let us define Z4 — X4 + iXr, and take the ALE space to be along 
the ^6,7,8,9 directions. In the orbifold hmit, the ALE space is defined by the Z2 
identification {Xq, X7, Xs, Xg) — —{Xq^Xj^Xs^Xq). Thus there is a fixed point 
(or fixed plane given by 24) at Xq — Xj — X^ — Xq — 0. In addition, the size of 
the whole ALE space vanishes dX X4 — X^ — Q which gives the conifold singularity. 

Now consider a D3 branc transverse to the conifold, along the Xi,2,3 directions. 
Since the space transverse to the brane is compact, there is four dimensional gravity 
on the brane world-volume with Mp ~ Vcy I ol^s where VcY is the volume of the 
Calabi-Yau manifold. The conifold breaks supersymmetry to 1/4 and the brane 
breaks an additional 1/2; as a result we get H — 1 supersymmetry on the brane. 
If we have one brane, the gauge group is C/(l) x U{1) whereas the matter content 
is given by two pairs of bifundamental chiral multiplets, ^41^2 an Bi^2 with charges 
(1,-1) and (—1,1) respectively[6]. 

The superpotential of this theory vanishes at tree level [7,9]. In order to see 
this, consider the D3 brane transverse to x K2). In this case, the world-volume 
theory has J\f — 2 supersymmetry and an additional pair of gauge singlets 
(coming from the J\f — 2 supersymmetric gauge multiplets). This theory has the 
superpotential 

W{Ai, Bi, $) = ^ Tr^AiBi + ^2 + ^2) + ^ Tr^B^Ai + B2A2) (9) 

Going to the conifold from x ALE corresponds to deforming the to a sphere 
on which the size of the ALE space varies. This deformation is described in 
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field theory by giving a(n infinite) mass to the gauge singlets, l». These need 
to decouple since they are absent in the brane theory on the conifold. The mass 
terms are given by the superpotential 

Wm = ^m(rr$2 + rr$2) (10) 

Integrating the singlets out gives 

W{A,, fi,) = ^Tr[(AiEiA252) - Tr{BxA^B2A2)\ (11) 

which vanishes for m — > oo in the limit that corresponds to the conifold. The 
sum of the C/(l)'s, (l/2)[C/(l)i + C/(l)2] is irrelevant for our purposes {Ai and Bi 
are neutral under it) and can be neglected. Under the orthogonal combination 

(l/2)[?7(l)i — f/(l)2] the Ai and Bi have charges of 1 and —1 respectively. We can 
set the Ai's and one of the Bi to zero for our purposes. This gives us precisely the 
matter content of the theory in eq. (1). 

Thus we have almost the theory described by eq. (1) on the D3 brane world- 
volume. The only missing ingredient is the anomalous D-term. However, it is 
well-known that the resolution of the orbifold singularity of the ALE fiber at 
Xia — X'j — X'^ — Xij — ^ (and at X^ — X^ — 0) by blowing it up by a sphere of 
radius i?, correponds to an anomalous D-term on the brane world-volume [8]. A 
Zi ALE space at the orbifold limit is defined by 

zf + zl + zl^O (12) 

We can resolve the singularity by blowing up the a sphere of radius R. This is 
described by 

zl + zl + zl = (13) 
If we write Zi — Xi-\- iyi then eq. (13) becomes 

xi-yl = R^ Xiyi^O (14) 

Now define r"^ = x'j + yf. Then for = R^ we need to have yi = and xj = R? 
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which is a sphere of radius R. After the resolution, the ALE space becomes a 
smooth Eguchi-Hanson space. This introduces an anomalous D-term in the D3 
brane world- volume theory as in eq. (1). 

The above setup reproduces exactly the theory in which there are cosmic D- 
term strings on the D3 brane world-volume. However, we have not yet identified 
the D-term string. In fact first we need to identify the D3 brane. There are 
two possibihties: it is either a D3 brane of type IIB string theory or a D5 brane 
wrapped on the resolved singularity[10,ll,12]. As we will see below, the D3 brane 
is the latter. The D-term string can be an F or D string of IIB string theory or 
a D3 brane wrapped on the resolved singularity. In ref. [2], it was argued that 
Fl and Dl branes cannot be stable if there are M^-filling branes. This is because 
the end points of Fl and Dl branes on the D3 brane are charges and monopoles 
respectively and can be pair produced. As a result, Fl and Dl branes are not 
stable; they dissolve in the D3 brane and become electric and magnetic fluxes 
respectively. Moreover, the tensions of Fl and Dl branes are not proportional to 
the anomalous D-term or the blow-up radius. Therefore, we cannot identify the 
D-term string with the F or D strings of type IIB string theory. We are left with 
the wrapped D3 brane. Note that its tension must be proportional to the blow-up 
radius since it wraps the resolved singularity. 

We will take the D3 brane to be a D5 brane wrapped on the with radius 
R. Its tension is [12] 

Td3 = Td5 J Vdet{G + B) (15) 

where G and B are the metric and NS-NS B field on the P^ respectively. We 
take 5 = for simplicity and find 

Tdz = 7 — ^^^^4:7iR^ (16) 
(27r)6^,£6 ^ ^ 

This tension must be equal to the energy density on the brane world-volume that 
arises from the resolution of the singularity, i.e. the anomalous D-term. Thus we 
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have Td3 = g^^'^ where g is the C/(l) couphng on the wrapped D5 brane given by 
1 1 r ^ 



9^ i^Tirgsi'i 



Then we find 



I^MGTEj=^^ (17) 



R 

^ ^ i^^^^V^ ^^^^ 
The tension of the wrapped D3 brane is 

Tm = AttR'Tds = = x/2^e (19) 

Thus the wrapped D3 brane has exactly (up to a factor of V2n) the tension of the 
D-term string. In addition it carries one unit of gauge flux just like a vortex due to 
the world- volume Wess-Zumino coupling of the form Jjy^4 C2AF2. (Here C2 is given 
by the five-form C5 that couples to a D3 brane reduced on the P^.) The wrapped 
D3 brane is a source of the Ramond-Ramond potential C2 and therefore acts as 
a source of the gauge field F2. The above results lead us to identify wrapped D3 
branes with D-term strings. Since, as we saw, the world-volume theory is exactly 
that of ref. [1], a solution that describes a string-like object with tension ^ is 
necessarily given by eqs. (2)- (5). This solution for the D-term string is the low- 
energy effective description of the wrapped D3 brane inside a wrapped D5 brane. 
Conversely, the wrapped D3 brane gives us the realization of the D-term string 
in IIB string theory. We also see the the charge (vortex number) of the D-term 
string is given by the number of the D3 branes that wrap the P^. The stability of 
the wrapped D3 brane seems to follow from the wrapping which is a topological 
property. Unhke F and D strings, the D-term string cannot dissolve inside the D3 
brane because if it did we would be left with a two dimensional brane wrapped on 
the resolved P^. Note that the brane configuration we have is a D3 brane inside 
a D5 brane. In fiat space this is T-dual to a D-string inside a D3 brane which is 
not stable. However, since both branes are wrapped on the P^ this argument does 
not apply in our case. 
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Above we assumed for simplicity that B — on the resolved P^. All our results 
generalize to the case with B since from eqs. (17) and (19) we see that neither 
G nor B but only the sum G + B is relevant for our results. For general G and B 
we find that Tjji = \/27r^ with 
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(20) 



^ (27r)3/2^2 g2 

where g is given by eq. (17). We see that the D-term string tension is proportional 
to as it should be for a solitonic object. At the field theory level this is 

not obvious since the gauge coupling g and the anomaolous D-term ^ are two 
independent parameters. However, we found that on the wrapped brane world- 
volume theory ^ ~ l/s'^- 

What happens when R — and B 07 If we do not resolve the singularity, 
we can still obtain a fractional Dl brane with nonzero tension as long as -B 7^ by 
wrapping a D3 brane on the vanishing cycle[ll,12,26]. This fractional Dl brane 
seems to be stable (at least as stable as the D-term string) and describes a cosmic 
string. Taking the B-flux through the vanishing cycle to be 1/2, i.e. Jg2 \fB — 
(27r4)2/2, we find 

= ^ ^ 8^^ <^^) 

This is not a D-term string since there is no D-term in the world-volume theory 
anymore. However, it must be a stable cosmic string described by a fractional Dl 
brane inside a fractional D3 brane (which is a D5 brane wrapped on the vanishing 
cycle). We will call these fractional cosmic strings. In ref. [2] it was argued that 
there are stable cosmic strings only when ^ 7^ (or R ^ from our point of view) . 
This is not surprising however, since we do not expect supergravity and field theory 
to capture the physics of fractional branes which is purely string theoretical. 



4. Conclusions and Discussion 
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In this letter, we described the recently found D-term string solution as a D3 
brane wrapped on a resolved conifold singularity. We considered the world-volume 
theory of a D3 brane (which itself is a wrapped D5 brane) transverse to a conifold 
which is resolved by blowing up a P-*^. We showed that the tension of this wrapped 
D3 brane is exactly that of the D-term string. The stabihty of the cosmic string, 
i.e. the wrapped D3 brane seems to follow from its wrapping which is a topological 
property. We also argued that there must be a new type of cosmic string which is 
described by a fractional Dl brane on the world-volume of a fractional D3 brane 
transverse to a conifold. This cannot be seen in the analysis of ref. [1] since its 
origin is purely string theoretical. 

The cosmology of cosmic strings, especially that related to D-brane inflation 
has generated a lot of interest recently [25]. These cosmic strings are remnants of 
D?) — D3 brane annihilations which occur at the end of inflation and arise from 
the tachyon that appears at small interbrane distances. They are essentially Dl 
branes which are formed after tachyon condensation. D-term strings, on the other 
hand arise from resolved singularities which are related to a new type of D-brane 
inflation[13-24] on fractional branes. In this type of brane inflation, the origin of 
inflation is the resolution of an orbifold singularity [27,28] . This means that we 
should expect D-term cosmic strings also in these inflation models. It would be 
interesting to explore the cosmology of D-term strings in the framework of these 
new type of D-brane inflation models. 

One can also consider D3 branes at more complicated singularities. For exam- 
ple, if the D3 brane is transverse to a space that is locally a Zn ALE space fibered 
over a P^, the world-volume theory is a quiver theory[29] with gauge group U{1)'^. 
Then we can have n — 1 anomalous D-terms (neglecting the overall diagonal U{1)) 
which lead to n — 1 different D-term strings. These can be described by D3 branes 
wrapped on the n — 1 P^'s that are needed to resolve an A^-i type singularity. 
Each of these wrappings will give a different stable cosmic string. Since the dif- 
ferent can be of any radius (corresponding to different for the anomalous 
D-terms) each of these cosmic strings will, in general, have a different tension. In 
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fact, some of the cosmic strings may be wrapped branes whereas others are frac- 
tional branes (with different fluxes over the P^'s). Thus it is easy to find theories 
with a large number of stable cosmic strings with different tensions. 
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